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INTRODUCTION 


Presently  M42  and  M46  grenades  are  hand  packed  into  M483  pro¬ 
jectiles.  Manual  packing  is  a  slow  process  and  a  program  is  under¬ 
way  to  automate  this  operation.  As  part  of  the  operation,  the 
packer  checks  visually  to  assure  that  the  grenades  are  in  proper 
operating  condition.  Insignificant  as  this  check  appears,  if  omit¬ 
ted,  the  whole  packing  process  is  compromised. 

Unfortunately,  a  visual  check  that  is  simple  for  the  packer  to 
accomplish  can  be  very  difficult  to  duplicate  in  a  machine.  Hence, 
a  sophisticated  inspection  system  needs  to  be  developed  to  perform 
this  inspection.  The  major  effort  of  the  automation  program  could 
very  well  be  to  provide  a  proper  inspection  system. 

The  goal  of  this  study  is  to  demonstrate  the  feasibility  of  a 
high  speed,  non-contact  optical  inspection  system  for  use  on  M42 
and  M46  grenades  (fig.  1). 


ftIGBON 

sunt 


Figure  1.  Configuration  of  M42  and  M46  grenades. 


1 


THE  PROBLEM 


Inspection  (fig.  2)  is  to  assure  that: 

1.  There  are  no  missing  spacers  or  components. 

2.  M42  and  M46  grenades  have  not  become  intermixed. 

3.  The  arming  slider  is  not  extended. 

4.  The  grenade  ribbon  is  not  unfurled. 


LOCATION  OF 
YELLOW  BAWD 
(M46  ONLY) 


ARMING  SLIDE 
EXTENDED 
POSITION 


1.9  cm 

(3/4  INCH)lIMIT 
FOR  RIBBON 
TRAVEL 


SAFETY  PIN 


Figure  2.  Inspection  requirements. 


Of  this  list,  item  3  is  the  most  critical  because  the  exten¬ 
sion  of  the  slider  means  that  a  live  grenade  is  packed  in  the  pro¬ 
jectile,  a  very  dangerous  situation.  The  slider  is  extended  when 
it  exceeds  1.59  cm  (5/3  in.)  from  the  grenade’s  central  axis. 

In  the  M483  projectile,  the  grenades  are  packed  eight  to  a 
layer,  eleven  layers  to  a  projectile  (fig.  3).  The  three  lower 
layers  consist  of  M46  grenades,  while  the  top  eight  layers  consist 
of  M42  grenades.  The  M46  grenades  are  distinguished  by  a  yellow 
band  painted  around  the  collar. 

The  grenades  are  held  in  position  within  each  layer  by  highly 
reflective  white  spacers  (not  shown). 
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PROJECTILE 

WALL 


TOP  VIEW 


Figure  3.  One  layer  of  grenades  in  M483  projectile. 


BASIC  APPROACH 


Missing  Spacers  or  Components 

Fiber  optic  proximity  sensors  are  used  to  determine  the  pres¬ 
ence  or  absence  of  critical  items.  Figure  4  illustrates  the  essen¬ 
tial  features  of  a  fiber  optic  proximity  sensor.  In  operation, 
light  is  fed  into  one  end  of  a  fiber  optic  light  guide.  The  light 
is  conducted  to  the  far  end  where  it  is  emitted  into  space.  If 
there  is  a  solid  object  close  to  the  end,  it  will  reflect  light 
into  the  second  light  guide.  Here  it  is  conducted  to  a  photodetec¬ 
tor  which  puts  out  a  voltage  proportional  to  the  light  it  receives, 
that  is,  to  the  proximity  of  the  object.  The  thresholding  device 
turns  on  when  the  photodetector  output  exceeds  a  preset  voltage 
which  occurs  when  an  object  comes  within  a  predetermined  distance 
of  the  fiber  optic  ends. 

By  terminating  a  proximity  sensor  near  each  spacer  or  compo¬ 
nent,  its  presence  can  be  determined. 
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LIQ-HT 


Figure  4.  Fiber  optic  proximity  sensor. 


Discriminating  Between  M42  and  M46  Grenades 

Fiber  optic  proximity  sensors  are  also  used  in  this  step. 
However,  for  this  purpose,  advantage  is  taken  of  the  fact  that  the 
yellow  band  on  the  M46  grenades  displays  a  much  greater  reflectiv¬ 
ity  than  does  the  flat,  gray  finish  of  the  M42  grenade.  To  sepa¬ 
rate  the  two  reflectivities,  the  proximity  sensor  is  set  to  trigger 
only  when  it  receives  the  higher  light  level  reflected  from  the  M46 
grenade. 

The  same  mechanism  can  be  used  to  distinguish  metal  from  plas¬ 
tic  spacers. 

Inspection  for  Extension  of  the  Arming  Slider 

Figure  5  illustrates  our  approach  for  detecting  the  extended 
arming  slider.  In  operation,  light  is  projected  so  that  it  just 
skims  the  slider  when  it  is  not  extended.  Any  extension  of  the 
slider  will  penetrate  the  light  beam  and  illuminate  the  slider.  In 
conjunction  with  the  light,  a  lens  is  used  to  image  the  illumi¬ 
nated,  extended  slider  onto  a  photodetector  providing  the  indicated 
field  of  view.  As  the  slider  extends  and  penetrates  the  illumi¬ 
nated  zone,  the  combination  puts  out  a  signal  proportional  to  the 
slider  extension.  The  photodetector  is  thresholded  and  turns  on  at 
any  desired  degree  of  slider  extension.  By  limiting  the  field  of 
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view  through  the  use  of  stops,  the  combination  can  be  made  quite 
sensitive  to  minor  variations  in  slider  position. 


Figure  5.  Effect  of  separating  the  light  source  from 
the  photodetector  on  the  field  of  view. 


Unfortunately,  due  to  the  highly  reflective  background,  the 
detector/light  source  pair  must  be  separated  [fig.  5(b)].  Separa¬ 
tion  prevents  reflections  off  the  background  objects  (the  grenade 
lip  and  the  spacers)  from  overwhelming  the  relatively  weak  return 
of  the  slider. 

If  the  grenade  orientation  is  known,  only  one  photodetector/ 
light  source  combination  need  be  used  for  positive  triggering. 
With  random  orientation,  the  grenade  need  be  entirely  encircled 
with  a  cone  of  light  (fig.  6)  and  viewed  with  a  ring  of  thresholded 
photodetectors  to  assure  positive  slider  detection,  regardless  of 
location. 

Notice  that,  in  the  position  indicated,  the  ribbon  can  also 
penetrate  the  light  cone  and  trigger  one  or  more  of  the  photodetec¬ 
tors.  Hence,  a  mechanism  need  be  provided  to  determine  the  exact 
cause  of  photodetector  triggering.  These  mechanisms  are  described 
in  detail  later  in  this  report. 
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Figure  6*  Relationship  of  lower  light  cone  to  arming  slide* 

Inspection  for  Proper  Ribbon  Folding 

To  inspect  the  status  of  the  ribbon,  the  previously  mentioned 
cone  of  light  is  raised  1*3  cm  (1/2  in*)  to  illuminate  the  ribbon 
(fig.  7).  Viewed  from  above,  the  pattern  projected  on  the  grenade 
appears  as  two  parallel  bars  of  light  with  the  ribbon  properly 
folded  [fig*  7(b)].  Unfurling  the  ribbon  causes  variations  in  the 
basic  pattern.  For  example,  partial  unfurling  to  one  side  forms  a 
"c"  pattern  as  illustrated  in  figure  7(c).  Additional  ribbon  dis¬ 
placement  further  displaces  the  illumination  pattern.  By  optically 
monitoring  the  apparent  configuration  of  the  illumination  pattern, 
the  displacement  and  orientation  of  the  ribbon  may  be  determined. 
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PROPERLY  PACKEO 
RIBBON 


PARTIALLY  UNFURLEO 
RIBBON 


Figure  7.  Illumination  patterns  formed  on  grenades  as 
viewed  from  above. 


EXPERIMENTAL  SETUP 


The  complexity  of  the  problem  depends  on  the  definition  of 
proper  packing.  At  this  point,  the  exact  criteria  defining  proper 
ribbon  packing  are  unspecified  and,  accordingly,  experimental  work 
was  conducted  to  cover  the  spectum  of  possible  requirements. 

The  first  experimental  setup  assumed  a  known,  fixed  grenade 
orientation.  The  second  setup  provided  numerous  outputs  that  were 
analyzed  by  a  microcomputer.  The  second  approach  provided  suffi¬ 
cient  sophistication  to  meet  the  most  difficult  of  the  probable 
inspection  criteria,  the  philosophy  being  that  the  complexity  of 
this  approach  could  be  reduced  easily  if  inspection  requirements 
were  relaxed. 

Figure  8  illustrates  the  experimental  approach  to  inspecting 
the  grenade  with  fixed  and  known  orientation.  In  this  case,  exten¬ 
sion  of  the  slider  places  an  output  on  the  slider  proximity  sensor, 
while  the  ribbon* s  traveling  beyond  its  allotted  volume  puts  an 
output  on  one  or  more  of  the  outer  proximity  sensors. 
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Figure  8.  Configuration  to  monitor  for  correct  grenade 
packing  -  orientation  known. 


Figure  9.  Lab  setup  for  inspecting  grenades  orientation  fixed. 
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The  proximity  sensors  were  constructed  to  DuPont  "Crofon" 
plastic  fiber  optics  (fig.  10).  The  light  source  consists  of  Dia- 
light  558-0101  LED 1 s  (light-emitting  diodes).  The  photodetectors 
were  CL  904L  photoconductive  cells.  The  output  of  the  proximity 
sensors  was  visually  monitored  by  use  of  an  LED  array.  Any  output 
was  an  indication  of  an  unacceptable  grenade. 
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Figure  10.  Schematic  for  proximity  sensor. 


Figures  11  and  12  illustrate  the  laboratory  setup  used  in 
developing  the  second  approach;  figure  13  provides  a  photo  of  the 
aparatus.  The  system  was  fabricated  for  use  on  a  single  grenade. 
The  space  occupied  is  greater  than  that  available  under  actual 
working  conditions,  but  the  components  can  be  scaled  down. 

The  illuminating  cone  of  light  was  provided  by  eight  light- 
emitting  diodes  placed  in  1.3  cm  (1/2  in.)  deep,  0.48  cm  (3/16  in.) 
width  slots  milled  at  45  degrees  in  a  3.17  cm  (1-1/4  in.)  inner- 
diameter  cylinder.  A  second  ring  of  eight  LEDs  was  placed  in  a 
second  milled  slot,  similar  to  the  first,  but  1.3  cm  (1/2  in.) 
higher.  In  operation,  the  effect  of  turning  on  the  upper  ring 
simulates  raising  the  head  1.3  cm  (1/2  in.). 
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Figure  11.  Experimental  setup. 
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Figure  12.  Schematic  for  one  element  of  photoconductor  ring. 


Figure  13.  Lab  setup  -  second  approach. 
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Rather  than  lower  the  unit  over  the  grenade,  the  grenade  was 
raised  into  position  by  use  of  a  lab-jack. 

The  lens  was  positioned  to  image  the  illuminated  band  falling 
on  the  grenade  onto  an  array  of  photoresistors.  Figure  14  shows 
the  relationship  of  the  grenade  image  to  the  photodetector  array. 
Photoconductors  were  selected  due  to  the  ease  with  which  they  can 
be  configured,  their  high  sensitivity,  and  the  simple  electronic 
circuitry  that  can  be  used.  The  array  consisted  of  16  CL704L's  in 
the  outer  ring;  the  inner  ring  was  composed  of  8  CL904L,s.  Each 
output  was  individually  thresholded  by  the  use  of  an  LM339. 


Outer  photodetector  ring 


Inner 

photodetect 

ring 


Slider  image 
Ribbon  image 


Figure  14.  Photodetector  array. 

i 

The  outer  ring  diameter  was  selected  to  provide  (in  conjunc¬ 
tion  with  the  lens)  an  annular  field  of  view  of  3.8  cm  (1-1/2  in.) 
diameter  surrounding  the  grenade  and  the  inner  ring  provided  an 
annular  field  of  view  of  3.2  cm  (1-1/4  in.)  diameter  at  the  plane 
of  the  grenade. 

The  24  thresholded  outputs  were  fed  into  a  KIM-1  microcomputer 
for  analysis. 
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An  array  of  24  LEDs  was  constructed  to  serve  as  a  visual  dis¬ 
play  to  aid  in  programming  the  KIM.  The  array  had  a  one-to-one 
relationship  to  the  photoconductor  array  and  demonstrated  the  ef¬ 
fect  of  various  ribbon  configurations  on  the  outputs. 


DISCUSSION  OF  RESULTS 


While  the  exact  conditions  under  which  the  inspection  system 
will  be  working  are  still  undefined,  the  experimental  investigation 
was  conducted  to  cover  the  most  stringent  operating  requirements. 
As  a  result,  a  rather  sophisticated  experimental  inspection  system 
was  breadboarded.  The  fact  is  that  the  evolved  demonstration  sys¬ 
tem  can  always  be  simplified  to  meet  better  defined  operating  para¬ 
meters. 

During  the  course  of  this  work,  two  distinctive  approaches 
were  developed.  It  became  evident  that  if  the  grenade  orientation 
were  fixed,  a  simple  inspection  system  based  on  proximity  sensors 
would  suffice.  On  the  other  hand,  if  grenade  orientation  were 
random,  a  sophisticated  analysis  need  be  performed:  first,  to 
determine  the  grenade  orientation,  and  second,  to  determine  if  the 
grenades  meet  the  definitions  of  proper  packing. 

Case  I  -  Fixed  Orientation 

This  is  the  simplest  case  for  ribbon  and  slider  inspection; 
only  five  optical  proximity  sensors  are  necessary  to  provide  proper 
inspection.  Figure  8  illustrates  the  basic  configuration  necessary 
to  provide  the  inspection.  In  this  configuration,  the  slider 
proximity  sensor  triggers  an  extension  of  the  slider.  Any  output 
from  the  remaining  sensors  indicates  an  unfurling  of  the  ribbon. 
By  proper  positioning  of  the  sensors,  displacement  of  the  ribbon 
can  be  measured  to  any  desired  degree.  By  terminating  the  sensors 
in  a  fan  configuration,  the  system  can  be  made  sensitive  to  minute 
shifts  in  the  ribbon  position. 

Case  II  -  Unknown  Orientation 

Figure  14  illustrates  the  photodetector  array  found  necessary 
to  perform  this  inspection  and  the  position  of  the  grenade  image 
relative  to  the  array.  The  inner  ring  of  photodetectors  has  a 
radius  such  that  the  slider  will  be  just  imaged  onto  one  of  them 
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upon  extension  [1.5  cm  (0.6  in.)  from  the  central  axis].  Unfortu¬ 
nately,  the  properly  folded  ribbon  frequently  will  produce  an  out¬ 
put  from  the  same  ring,  thus,  a  mechanism  need  be  provided  to  dis¬ 
tinguish  the  two  sources  of  signal. 

There  are  two  means  that  are  used  to  determine  the  source  of 
the  signal  falling  on  the  inner  ring  of  photodetectors: 

1.  The  slider  reflects  less  light  than  the  ribbon. 

In  order  to  detect  the  greater  return  of  the  ribbon, 

each  photodetector  in  the  inner  ring  has  two  threshold  levels. 

When  the  higher  level  is  exceeded,  the  ribbon  is  present.  This 

feature  alone  will  resolve  the  majority  of  cases  except  when  the 
ribbon  partially  fills  the  detector's  field  of  view. 

2.  The  slider  is  at  a  90  degree  angle  to  the  ribbon. 

For  this  test  it  is  necessary  to  determine  the  orienta¬ 
tion  of  the  ribbon.  The  location  of  the  triggered  output  (s)  is 

temporarily  stored  in  the  microprocessor  memory.  The  cone  of  light 
is  raised  1.3  cm  (1/2  in.)  illuminating  the  upper  ribbon  (fig.  7) 
where  the  image  of  the  illuminated  portion  of  the  ribbon  falls  on 
the  inner  ring  of  photodetectors.  The  outputs  of  the  inner  ring 
are  new  used  in  the  microprocessor  to  determine  the  ribbon  orienta¬ 
tion.  Once  the  orientation  is  determined,  the  orientation  of  the 
signal  (previously  placed  in  memory)  can  be  determined  relative  to 
the  ribbon. 

For  example,  for  the  grenade  orientation  shown  in  fig” 
ure  14,  high  level  outputs  would  be  expected  from  photodetectors  a 
and  b.  An  output  at  the  lower  level  from  photodetector  c,  90°  from 
the  ribbon,  would  be  attributed  to  the  extended  slider. 

Since  the  outer  ring  of  photodetectors  has  a  3.8  cm  (1- 
1/2  in.)  diameter  field  of  view  around  the  grenade,  any  output 
during  the  inspection  cycle  from  this  ring  will  reject  the  grenade 
due  to  ribbon  unfurling. 

Figure  15  illustrates  the  logic  flow  chart  used  to 
perform  the  computer  analysis. 

The  previous  description  covers  the  components  required 
to  inspect  a  single  grenade.  The  difficult  problem  of  fitting 
these  components  into  the  tight  confines  of  the  projectile  still 
remains.  Figure  16  illustrates  a  suggested  configuration  to  in¬ 
spect  one  grenade  of  the  layer;  eight  of  these  would  be  nested 
together  to  provide  inspection  of  the  entire  layer. 
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Figure  15.  Logic  flow  chart  diagram  for  use  in 
grenade  inspection. 
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Figure  15.  Logic  flow  chart  diagram  for  use  in 
grenade  inspection  (continued). 
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Figure  16.  Suggested  configuration  for  the  optical 
inspection  head. 
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